Background: Clinicians' behaviors require deliberate decision-making in complex contexts
Prevailing theories of health-related behavior conceive behavior as a function of conscious reflection and active decisions prior to enactment based on perceived utility, outcomes, risk, capability, social influence, and/or intention (1) (2) (3) . Such models account for notable variability in a range of behaviors related to the health of individuals (4) and those who provide them with healthcare (5) . However, much of human behavior is cued by the environment and enacted without active reflection and decision-making. An emerging literature advocates consideration of non-conscious influences on behavior alongside wellestablished reflective processes. The aim of the present study was to elucidate and test a dual process model of behavior that simultaneously accounts for motivational and volitional reflective processes operating in parallel with an impulsive, automatic process.
Towards theoretical combination and clarification
A variety of dual process models have been proposed each using different descriptors of each process (see Evans 2008 (6) for a review). For the purposes of this paper, we use the terminology proposed in Strack and Deutsch's (7) Reflective-Impulsive Model. Dual process models propose that behavior results from the interplay of two cognitive processes operating in parallel: a reflective and an impulsive process. The reflective process, exemplified by most social cognition models (e.g., the theory of planned behavior (1)), is the effortful process of which the individual is consciously aware and in control, enacting behavior based on conscious deliberation. While the reflective process is characteristically slow and requires cognitive capacity to make decisions, perform calculations and weigh options, it provides the capability to make complex decisions and creatively solve difficult tasks. Four decades of research in social and health psychology have demonstrated the importance of the reflective process in determining behavior with the concept of intentionality being a prototypical feature of reflection and decision making.
Intention is a central motivational determinant of behavior. However, intentions are quickly forgotten (8) and less likely to affect behavior when not represented in working memory. Reflective self-regulation is effortful, drawing on limited cognitive resources; the more we control our behavior using such a process, the more likely we are to deplete our cognitive resources (9). Thus despite the importance of the reflective process, clear gaps between strong intention and subsequent action (10) have been identified, resulting in research into post-intentional volitional processes to better understand how motivated individuals enact their good intentions (11) . For example, action planning when, where and how to engage in a behavior is a reflective strategy involving planning courses of action contingent on encountering the 'when' and the 'where', such that when they are encountered, behavior can follow with less need for decision making in the situation (11, 12) . Functionally similar coping planning involves planning how to deal with challenges that may arise thereby promoting enactment despite anticipated obstacles (11, 13) . The Reflective-Impulsive Model does not go beyond intention as the proximal behavioral determinant within the reflective process; volitional factors (e.g., planning) may provide an important theoretical and practical advance.
While the reflective process regulates the behaviors that we perceive as free and willful, not all behavior is directly or exclusively the consequence of conscious, active and considered decisions and intentions. Dual process models propose a second process -the impulsive process -which requires little cognitive capacity, operates quickly and automatically, requiring minimal effort and is the default process determining behavior.
Clusters of cognitive associations (schemata) are formed over time and reflect learned predispositions to act in a given way, cued by external (environmental) or internal (e.g., affective) reactions which, when cued, lead to action. Given its default role, the impulsive process drives behavior unless there is a need and capacity for conscious decision-making(7).
The theoretical description of the relationship between the two processes as defined in the Reflective-Impulsive Model and subsequent operationalizations (14) is one defined by a) the reflective process having the capacity to create impulsive processes through repeated reflective processes over time, whilst acknowledging b) the competition for activation of one or the other process at any given time. It is also plausible that for some behaviors the two processes may operate synergistically.
Automaticity as an indicator of the impulsive process
Operationalizing a dual process model involves balancing the feasibility and validity of assessing indicators of the impulsive process. Most existing approaches to assessing impulsive indicators are based on lab tasks with limited generalizability, assessing implicit affect and cognition using reaction times or external cues to prime the activation of assumed mental representations (15) . While providing critical opportunities for experimentation, field usage poses a challenge. A multi-method approach across studies to assessing features of the impulsive process may provide the closest approximation to its behavioral impact.
Habit strength has been proposed as an indicator of the impulsive process (16, 17) .
Habits are behaviors with a history of cue-contingent enactment such that the cue, rather than a process of deliberation, determines behavior. The impulsive process is characterized by the rapid activation of cognitive associations outside of awareness; thus the degree of habitualness of a behavior can be used to operationalize the impact of the impulsive process on behavior. Habit strength assessment has predominantly involved the Self-Report Habit Index (18), which has a number of limitations (19). Nevertheless, a subset of items within the Self-Report Habit Index focusing on assessing the degree of automaticity in a particular behavior circumvents some of the conceptual and measurement issues noted in the literature (20).
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Clinician behaviors represent a novel context in which to test a dual process model. Clinician behaviors typically involve both a learned component and a need to make reasoned decisions with clear and important consequences for patients' health and well-being and thus both may contribute to understanding clinicians' behavior. Combining insights from dual process models with contemporary theorizing in motivational and volitional processes would account for learned behavior, clinical expertise in decision-making and the resource pressures which limit capacity for active deliberation. A number of studies demonstrate that clinicians tend to be motivated to perform behaviors that are recommended by clinical practice guidelines. What is not clear is whether volitional factors (action and coping planning) mediate the relationship between motivation and action in clinicians.
Care is improving for primary care-based diabetes management, but there remain clear gaps in quality of care (21) (22) (23) (24) (25) (26) (27) . Given the prevalence of diabetes, a better understanding of the factors involved in providing high quality care would contribute insight into ways of improving care. It is plausible that reflective and automatic processes impact behaviors differently. For instance, behaviors such as prescribing have immediate health implications for the patient (if prescribed appropriately, inappropriately or indeed omitted) and thus reflective processes may outweigh impulsive processes for such behaviors particularly when having to add additional medication or when running out of prescribing options (28).
Advising and examining may involve automaticity to a greater extent given their potential proclivity to become routinized although also involving reflective consideration of individual needs.
Hypothesis 1: Consistent with a sequential reflective process involving motivational and volitional processes, we hypothesized an indirect relationship between intention (motivation) and clinician behavior via action planning and coping planning (volition).
Hypothesis 2:
Consistent with a dual process approach to behavior, we hypothesized that an impulsive process would operate in parallel alongside the sequential reflective process.
Specifically, we hypothesize that automaticity will predict unique and independent variance in behavior not accounted for by variables in the reflective process. The hypotheses were specified a priori through an internal process of study protocol elaboration including hypothesis generation and analysis specification and approval by the principle investigator and study team prior to data analysis.
Our aim was to test a sequential reflective process alongside a parallel impulsive process across six different clinician behaviors involved in the management of type 2 diabetes. We hypothesized that the pattern of results would vary depending on the type of behavior. Hypothesis 3a: For prescribing behaviors, which require the use of an extensive knowledge base and have strong potential adverse consequences for patient health if performed incorrectly we expected the reflective process to override the impulsive process.
Hypothesis 3b: For advising and foot examination, we expected both impulsive and reflective processes to be predictive, given that advice and examination is largely routinized but requires a degree of tailoring to individual patients' needs.
Overall Methods
This study used a prospective design over 12 months with six nested studies to assess primary care general practitioners' and nurses' self-reported provision of six different guidelinerecommended behaviors related to their management of patients with type 2 diabetes. The study was embedded within a wider study of type 2 diabetes care (29). The behaviors were specified to represent a range of important yet challenging clinician behaviors: prescribing to reduce blood pressure to 140/80 mmHg even following previous management; prescribing to reduce HbA1c levels to <8.0% despite maximum dosage on two hypoglycemic drugs; 80 mm Hg Diastolic BP even following previous management." Intention was assessed using three items (1-strongly disagree to 7-strongly agree; α = .93) sharing the stem: "In my management of patients with diabetes whose BP is 5 mm Hg above target …" followed by e.g.,: "I intend to prescribe an additional antihypertensive drug". Action Planning was assessed using three items (1-strongly disagree to 7-strongly agree; α = .94) with the common stem "I have a clear plan of..." followed by items assessing how, under what circumstances and when they will prescribe an additional antihypertensive drug. Coping Planning was assessed using nine items (1-strongly disagree to 7-strongly agree; α = .95) sharing the stem "I have made a clear plan regarding prescribing an additional antihypertensive drug for patients whose BP is 5 mm Hg above target if..." followed by: nine potential obstacles such as "The patient has COPD" and "The clinic is busy and I am running 20 minutes late".
Automaticity was assessed using a four-item subscale of the Self-Report Habit Index, the SelfReport Behavioral Automaticity Index (20) (1-strongly disagree to 7-strongly agree; α = .87).
All items shared a common stem to indicate the behavior and the cue to which the behavior was contingent: "Prescribing an additional antihypertensive drug for any patient whose BP is 5 mm Hg above target is something" followed by: "I do automatically", "I do without thinking", "I do without having to consciously remember", "I start doing before I realize I'm doing it".
Twelve months later, baseline respondents were asked to self-report their prescribing behavior. To ensure correspondence with the predictors, the target, action, context, and time was again made clear as follows: the question asks about "you prescribing additional antihypertensive drugs, both in general and over the past 12 months, for patients with type 2 diabetes whose blood pressure (BP) is 5mm Hg above a target of 140 mm Hg Systolic BP or 80 mm Hg Diastolic BP, even following previous management". Clinicians were then asked to complete a single item assessing the behavior: "Over the past 12 months, given 10 patients with diabetes whose BP was 5 mm Hg above target, for how many did you prescribe an additional antihypertensive drug?" (0-10 scale)
Planned Analyses: We ran bootstrapped multiple mediation models to test the study hypotheses for each of six behaviors (31). We tested for simultaneous indirect associations between intention and behavior via both action planning and coping planning, as well as a direct relationship between automaticity and behavior in parallel. We also added job title as a dummy coded variable to control for variability attributable to differences between nurses (coded 0) and doctors (coded 1), and for experience (years since qualified). We repeated the same analysis for all six behaviors.
The present study used the same dataset as a previously published study (32) but addresses different hypotheses. The previous study aimed to test single theories (i.e., social cognitive theory, theory of planned behavior, learning theory, action and coping planning) separately from each other as a test of established theory. The present study differs by testing different hypotheses and involving formal mediation analyses (31) testing whether volitional constructs (action and coping planning) mediated the relationship between a motivational construct (intention) and behavior whilst considering a parallel impulsive construct (automaticity); these had not previously been combined and tested together. In addition, the present study operationalized automaticity using the 4-item Self-Report Behavioral Automaticity Index (20) whereas the previous study tested the 12-item self-report habit index (18) and a different 2-item habit measure, both of which were tested separately from the other reflective constructs. Whilst based on the same data, the two studies thus address different research questions.
Results
Prescribing to reduce blood pressure to 140/80 mmHg and Prescribing for glycemic control when HbA1C > 8.0%
Response rates and descriptives
Of those returning baseline questionnaires, 389 (348 doctors, 41 nurses) completed baseline measures for blood pressure prescribing and 332 (285 doctors, 47 nurses) completed baseline measures for prescribing for glycemic control. Respectively, 335 (86.1%) and 288 (86.8%) provided prescribing behavioral data at 12 months. As shown in Table 1 and using Cohen's effect size conventions (33), associations between reflective and impulsive processes and prescribing behaviors were medium and associations between the variables within each process were medium to large. Neither years qualified nor job title (nurse or general practitioner) were associated with prescribing for blood pressure, whilst job title was associated with prescribing for glycemic control. Overall, for prescribing the findings support a dual process account of clinician behavior. In addition, the reflective process operated sequentially through motivational and volitional processes for blood pressure prescribing, whereas motivation was not mediated through volitional processes for prescribing for glycemic control. provided behavioral data for advice about self-management, 346 (83.4%) for diabetes general education, 417 (85.3%) for weight management advice, and 218 (70.1%) for examining feet. Table 2 presents bivariate associations between all variables within each advising and examining behavior. For each behavior, associations between reflective and impulsive processes and behavior were medium (large for foot examination) and associations between the variables within each process were medium to large. Years qualified and job title (nurse or general practitioner) were both associated with providing weight advice and examining feet, whereas only job title was associated with providing diabetes-related education and providing advice about diabetes self-management.
<Table 2 here>

Model testing
The model accounted for 24% of the variability in providing advice about diabetes selfmanagement, 28% of the variability in providing diabetes-related education, 23% of the variability in providing weight advice and 58% of the variability in foot examination. Intention was a direct predictor of five of the six behaviors, though also operating on behavior indirectly via volitional constructs. Partially supporting Hypothesis 1, we showed that volitional processes helped to explain how intention is translated into behavior for four of the six behaviors, demonstrating for the first time to our knowledge that a sequential reflective model of behavior contributes to understanding clinician behavior. This is important, as it provides key targets for intervention to improve clinical practice and thus the care received by people with diabetes. Interventions can be designed which incorporate behavior change techniques (34) to help clinicians translate their motivation into action, which, given the often high level of intention reported by clinicians, provides a potentially fruitful new avenue of reducing quality gaps in the care provided to people with diabetes.
Support was also found for a parallel impulsive process, with four of the six behaviors showing evidence of a role for automaticity in explaining clinicians' behavior, thereby supporting Hypothesis 2. Although habit has been investigated and found to be predictive in health professionals before (35-37), this is to our knowledge the first time that automaticity has been tested in health professionals, and operationalized within a dual process model of behavior. Taken together, findings show that a dual process model of behavior was supported for four of the six behaviors investigated. This is an important finding for two reasons: theoretically, for complex behaviors with salient consequences for the self and others performed in stable contexts, both processes may be relevant. Practically, this also highlights that interventions focusing exclusively on reflective processes (e.g., educational meetings, guideline dissemination) may miss an important aspect of clinician (and other types of) behavior: the automatic features of its pursuit. Without addressing both reflective and impulsive features of behavior, interventions may be undermined by short term change reverting back to routine behavior due to the lack of consideration for the impulsive influences on behavior that maintain its pursuit.
When both processes are predictive of on-going behaviors, it may be more effective to address both rather than to target only the reflective process (e.g., providing information, changing outcome expectations, setting goals) or the impulsive process (e.g., contingent prompts and rewards). An intervention focusing only on the reflective pathway risks being undermined by the underlying impulsive process and the existing learned behaviors that are triggered by it; whereas an intervention focusing only on the impulsive process does not account for the importance of active decision making. Both can be considered and in so doing could provide a powerful and theoretically robust means of promoting change across different areas of behavioral medicine.
The relative importance of either process seems behavior-dependent. Automaticity was predictive of four of the six behaviors, with only providing self-management advice and providing diabetes-related education not showing a role for the impulsive process. These findings were not anticipated in developing our hypotheses and are counter to Hypotheses 3a and 3b. Prescribing behaviors were both driven directly by intention and in parallel by automaticity, with action planning additionally mediating intention for blood pressure prescribing. Behaviors with a very specific patient-related cue (i.e., blood pressure and glycemic control targets not being met, presenting for annual review which involves examination of feet, and providing weight advice specifically to people with a BMI >30) showed a role for automaticity, whereas the two other behaviors involved cues more broadly (i.e., all patients with type 2 diabetes registered with the practice) did not. This has implications for designing interventions, as targeting the impulsive system may require a more constrained specification of patient and/or environmental characteristics that would cue behavior automatically. When predictive, the impulsive process was always predictive alongside the reflective process. This suggests that for clinicians' behaviors, when there is a component of automaticity, this operates in concert with a reflective process, which is consistent good clinical practice and strong patient-clinician relationships.
Four behaviors investigated showed that the relationship between intention and behavior operated indirectly through post-intentional processes of action or coping planning.
However, for prescribing for HbA1c and examining feet, intention was a direct predictor of behavior without a role for post-intentional processes, suggesting that there may be boundary conditions to using volitional processes for understanding intention-behavior relationships.
Forming action and coping plans requires deliberate consideration of when, where, and how a behavior will be performed and anticipation of barriers and planned solutions to overcome them; a necessarily reflective process. However, forming such plans is also proposed as one of the means by which the reflective process can access the impulsive process (15) and repeated planning and enactment may result in automatic processes developing over the one year follow-up period. Given the observational nature of the present study it is not clear how far in the past those who formed plans actually did, and whether their resulting reports of automaticity are a consequence of such planning; as both sets of measures were assessed at the same time, it is not possible to robustly test this. However, whilst none of the behaviors operated completely automatically, two behaviors (prescribing for HbA1c and examining feet) did not show a role for action or coping planning in mediating the relationship between intention and behavior. It is therefore possible that for those two behaviors, any planning that has been conducted may have had the desired transfer into automaticity; equally, it is possible that any planning that was conducted was insufficient. A randomized controlled trial with dual process-based process evaluation would help to test such a mechanism in this population.
Testing a dual process model in health professional behavior
Biomedical research and clinical trial evidence provide steady opportunities to improve healthcare. Given the reach of primary care, uptake of evidence into practice has important implications for improving health. However, a consistent finding is that such evidence is slow to reach the care provided to patients. Addressing such quality gaps involves understanding and changing the behaviors (e.g., providing advice, prescribing, examining, intervening) of healthcare professionals providing care. Behavioral theories typically used to predict health behaviors have been demonstrated to account for similar amounts of variability in healthcare professional behaviors (5, 32) . Nevertheless, such models do not capture features of the impulsive process, which may be particularly relevant to the behavior of healthcare professionals. The present study therefore extends previous research in this population, which tested existing theories separately (21) , by testing a combined sequential reflective process involving motivational and volitional processes alongside a parallel impulsive process using novel measures of automaticity, controlling for possible differences due to experience or job title. To our knowledge, this is the first such test reported.
Given the repeated performance of behavior in clinical contexts with consistent cues to action, it is not surprising that the impulsive process is particularly relevant for understanding health professional behavior. What is perhaps more surprising is the lack of consideration for automaticity in current theorizing about health professional behavior change (17) . Many common techniques used to change professional behavior such as adding prompts and cues may directly engage the impulsive process (34). The present study further underscores healthcare professional behavior as key facet of behavioral medicine, highlighting the opportunities that behavioral medicine-based approaches can provide for testing and applying theory to understand and change health professional behavior.
Future research
The reflective process can be used to create associative links and thus 'program' the impulsive process. Indeed behavior change techniques such as action and coping planning have as their premise that ex-situ decision making can create representative links in memory that can be activated in-situ automatically without the need for decision making (15) . Future research could use prospective planning as a basis to investigate reflective and impulsive processes in existing behavior alongside a newly promoted behavior to investigate the potential conflict between the impulsive and reflective processes. In addition, evidence from the habit formation literature shows that typically, initially reasoned behaviors can become habitual through repeated performance (38-41). Techniques such as habit formation, habit reversal, and behavioral practice/rehearsal (34) would be good candidates for targeting the impulsive process alongside techniques such as action and coping planning. This is particularly relevant for health professional behaviors which in some cases may be repeated many times a day across different clinical consultations.
Past research investigating primarily physical activity, eating and travel behaviors in the general public have posited an interaction between intention and automaticity. Some evidence suggests that intention is moderated by habit, such that the relationship between intention and behavior decreases as the level of habit increases (16) . However, the generalizability of such findings is limited by the assumption that the two processes operate in competition, which as the present study shows, is not necessarily the case. Furthermore, the reduction of the role of the reflective process as habit increases is not consistent with the tenets of a dual process model. The reflective and impulsive processes are posited to operate in parallel, with the impulsive process 'always on' and the reflective process having the capacity to override the impulsive process when needed and when capacity is available. It therefore seems that rather than asking whether the two processes interact, it may be more fruitful to focus on identifying the boundary conditions which determine when either of the two processes is activated. The present study demonstrated that a key boundary condition is the nature of the behavior itself, underscoring the strength of the multiple behavior designs which allowed us to show that the impulsive process is overridden completely for two behaviors (self-management advice and providing diabetes-related education). Additional boundary conditions could be sought, which may include both states (14) and traits (42) .
Strengths and Limitations
This study appears to be the first to model motivational and volitional processes of a sequential reflective process alongside features of an impulsive process in a sample of healthcare professionals. The study distinguishes itself by testing the model in multiple clinician behaviors in the same sample and by high response rates.
A recognized limitation of the Self-Report Habit Index is its inclusion of items of past behavior which draw on the same information as a frequency-based self-reported measure of behavior (19, 20, 43) . To address this, we instead used the Self-Report Behavioral Automaticity Index which omits items of frequency and focuses specifically on automaticity.
In addition, we addressed a limitation of existing self-reported measure of automaticity by specifying the cue for which the behavior is contingent, providing a measure of automaticity with arguably greater construct validity that highlights cue contingencies. Although the measure of automaticity is self-reported and thus not a direct measure of the impulsive 
Conclusion
Impulsive automatic processes operate in parallel with reflective motivational and volitional processes to predict primary care clinician behaviors. Quality improvement interventions should consider both reflective and impulsive approaches to behavior change. 
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